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Abstract___________________________ _________  
 
Larvaceans (also known as appendicularians) are zooplankton that inhabit most 
oceans, coastal waters and estuaries, and are often found in abundances that are 
second only to copepods among the meso-zooplankton.  They form a gelatinous 
“house” through which they circulate seawater to filter very small particles onto 
mucopolysaccharide mesh. This concentrates sub-micron and micron-sized 
protists to 100 -1000 times the ambient concentrations. The house is discarded 
when the mesh clogs which can occur several times per day. These contribute 
significantly to the large particles of marine detritus known as “marine snow”. In 
addition, larvaceans form tightly compacted, rapidly sinking faecal pellets that 
contribute to carbon “export” from surface waters. Thus larvaceans play a rather 
unusual role in marine microbial food-webs, by transferring matter across many 
orders of magnitude in organism size, and moving it into the ocean depths.  
 
Previously there was little known about larvaceans in the Southern Ocean. The 
aims of this study were to increase the knowledge of the ecological role of the 
larvaceans species: by first determining their distribution and abundance in the 
Sub-Antarctic Zone (SAZ), Southern Oceans Permanently Open Ocean Zone 
(POOZ) and the Sea Ice Zone (SIZ) and secondly, by determining the diet of 
Southern Ocean larvaceans.  
 
Larvaceans were collected during four Southern Ocean marine science voyages 
between 2006 and 2008 which surveyed the different zones through different 
seasons in the East Antarctic sector of the Southern Ocean. Larvaceans were 
collected using a number of sampling devices; a purpose-built ring net, 
Rectangular Mid-Water Trawl (RMT1), Working Party 2 (WP2) net, HYDRO-
BIOS MultiNet, Visual Plankton Recorder (VPR) and the Continuous Plankton 
Recorder (CPR).   
 
Larvacean distributions were complex. A significant fraction of the net hauls 
(55%) contained no specimens, while others obtained high abundances (maximum 
 v 
57.8 ind. m
-3
).  The average abundances of larvaceans from the variety of nets 
used were 1.4 ± 5.4 ind. m
-3
, and for the CPR were 6.4 ± 29.7 ind. m
-3
. The 
surveys revealed that for the period of this study larvacean abundances varied 
between the Southern Ocean zones with the lowest abundances in the SAZ (0.6 ± 
2.6  ind. m
-3
, maximum = 15.9 ind. m
-3
), highest in the POOZ (2.8 ± 10.6 ind. m
-3
, 
maximum = 57.8 ind. m
-3
)  and 1.4 ± 4.8 ind. m
-3
 (maximum = 49.7 ind. m
-3
) in 
the SIZ.  
 
Possible controls on larvacean distributions were evaluated by comparing them to 
physical (latitude, longitude, water temperature, salinity, light and sea-ice) and 
biological (chlorophyll and total zooplankton) distributions.  Significant 
correlations occurred with physical parameters of latitude, longitude, 
fluorescence, irradiance, water temperature and salinity and the biological 
distributions of other Southern Ocean zooplankton.  
 
The diet of the Southern Ocean larvacean was determined using scanning electron 
microscopy (SEM) and stomach dissections from the samples collected from the 
ring net during January to March 2006. Protists ranging from 3.5 µm – 240 µm 
were the main food items. By considering the alignment and sizes of the largest 
ingested protist, Corethron pennatum, the inferred feeding house mesh size was 5 
- 82 µm. 
 
From this study Southern Ocean larvaceans were estimated to contribute 
~10.5 million tonnes of (wet) biomass to the Southern Ocean.  Comparing this to 
the ~250 million tonnes of copepods, which are considered to be a keystone taxon, 
emphasizes the need to consider the importance of larvaceans to Antarctic food 
webs. 
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“Did you know the word plankton comes from the Greek for ‘born to 
wander’?” he said.  
I owned up to my ignorance. 
“I think that is why I love the little things. They’ve got the lifestyle I’d like to 
adopt: wandering the seas.”  
‘Plankton, huh?’ 
“Sure! Give me the squidgy goey things every time. Whales get all the 
glory. I like the proletariat of the food chain, those amorphous gelatinous 
things that everybody ignores. They’re fascinating.” 
 
 
Roff Smith  
(2002) 
Life on the Ice 
- No one goes to Antarctica Alone 
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-3
, grey standard error bars), white Oikopleura sp. 
(ind. m
-3
,
 
black standard error bars), and grey is Larvaceans (ind. m
-3
, grey 
standard error bars). Overall means: Fritillaria sp. 4.4 ind. m
-3
, Oikopleura sp.  
1.9 ind. m
-3
, Larvaceans 6.4 ind. m
-3
.      92 
 
Figure 4.19. Fritillaria sp and Oikopleura sp. monthly mean abundances from 
SO-CPR data. Black is Fritillaria sp. abundance (ind. m
-3
, grey standard error 
bars), white Oikopleura sp. abundance (ind. m
-3
, black standard error bars), and 
grey larvacean abundance (ind. m
-3
, grey standard error bars).  94 
 
Figure 4.20. Southern Ocean annual mean abundances of larvaceans (ind. m
-3
) 
from the SO-CPR Survey. The ocean was divided into three zones; Sub Antarctic 
Zone (SAZ, north 48 °S, black), Permanent Open Ocean Zone (POOZ, 50 - 60 °S, 
grey) and the Seasonal Ice Zone (SIZ, south 62 °S, white). Blue indicates total 
mean larvacean abundances (ind. m
-3
) and error bars are the standard deviations.  
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Figure 4.21. Southern Ocean monthly mean larvacean abundances (ind. m
-3
) from 
the SO-CPR Survey. The ocean was divided into three zones; Sub Antarctic Zone 
(SAZ, north 48 °S, black), Permanent Open Ocean Zone (POOZ, 50 - 60 °S, grey) 
and the Seasonal Ice Zone (SIZ, south 62 °S, white). Blue indicates total mean 
larvacean abundances (ind. m
-3
) and error bars are the standard deviations. 98 
 
Figure 4.22. Annual comparison of average larvacean (black) abundances and 
total zooplankton (grey). Data from the SO-CPR Survey.   104 
 
Figure 4.23. Monthly comparison of average larvacean (black) abundances and 
total zooplankton (white). Data from the SO-CPR Survey.    106 
 
Figure 4.24. Visualisation of the monthly SO-CPR Survey (1991 – 2008) 
abundance (count per 5Nm) data for A) total zooplankton, B) total larvacean, C) 
Oikopleura sp. and D) Fritillaria sp. compared to latitude (°South). Note there is 
no data for June.         108 
 
Figure 4.25. A) ggplot of the monthly average abundance (count per 5Nm) for 
total zooplankton compared to the difference in latitude between sample location 
and the sea ice extent (diffSIcelat). B) ggplot of the monthly average abundance 
(count per 5Nm) for total larvaceans compared to the difference in latitude 
between sample location and the sea ice extent (diffSIcelat). Transparency of both 
plots set at 0.01 and showing a smoothed mean (red line).    113 
 
Figure 4.26. A plot of the fitted GAMM on top of total abundance (for each of 
total zooplankton (A) (marginal R
2
 0.0405 ϭ = 1.054 ϕ = 59.741) and total 
larvacean (B) (marginal R
2
 0.0098 ϭ = 1.432 ϕ = 4.268) vs fitted GAMM 
values shown by the red points which form a line. The green points are from the 
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fitted loess smoother (which is independent of the individual GAMM 
components) using the GAMM fitted value as the x-variable and the R-function 
loess).           120 
 
Figure 4.27. A) Visualisation of the SO-CPR Survey data (1991-2008). 
Total zooplankton abundance (counts per 5 Nm) compared to latitude (R
2
 0.0014). 
B) GAMM output for zooplankton CPR 1991-2008 analyses Total zooplankton 
(ordinate scale estimated degrees of freedom (edf)) GAMM and latitude (°South). 
C) ggplot of total zooplankton abundance (0 – 3500 counts per 5 Nm)  compared 
to latitude (°S). Transparency of data points set at 0.01 and showing a smoothed 
mean (red line). D) ggplot of total zooplankton abundance (0 – 1000 counts per 5 
Nm)  compared to latitude (°S). Transparency of data points set at 0.01 and 
showing a smoothed mean (red line).      122 
 
Figure 4.28. A) Visualisation of the SO-CPR Survey data (1991-2008). 
Total zooplankton abundance (counts per 5 Nm) compared to water temperature 
(°C) (R
2
 0.0069). B) GAMM output for zooplankton CPR 1991-2008 analyses 
Total zooplankton (ordinate scale (edf)) GAMM water temperature (°C).  C) 
ggplot of total zooplankton abundance (0 – 1000 counts per 5 Nm)  compared to 
water temperature (°C). Transparency of data points set at 0.01 and showing a 
smoothed mean (red line).         125 
 
Figure 4.29. A) Visualisation of the SO-CPR Survey data (1991-2008). 
Total zooplankton abundance (counts per 5 Nm) compared to fluorescence (R
2
 
0.0015). B) GAMM output for zooplankton CPR 1991-2008 analyses Total 
zooplankton (ordinate scale (edf)) GAMM fluorescence.  C) ggplot of total 
zooplankton abundance (0 – 1000 counts per 5 Nm)  compared to fluorescence. 
Transparency of data points set at 0.01 and showing a smoothed mean (red line). 
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Figure 4.30. A) Visualisation of the SO-CPR Survey data (1991-2008). 
Total zooplankton abundance (counts per 5 Nm) compared to salinity (psu) (R
2
 
0.005). B) ggplot of zooplankton abundance (0 – 200 counts per 5 Nm)  compared 
to salinity (psu). Transparency of data points set at 0.01 and showing a smoothed 
mean (red line).         127 
  
Figure 4.31. A) Visualisation of the SO-CPR Survey data (1991-2008). Total 
zooplankton abundance (counts per 5 Nm) compared to month (R
2
 4e-05). B) 
GAMM output for zooplankton CPR 1991-2008 analyses Total zooplankton 
(ordinate scale (edf)) GAMM month from July (no abundances for June). C) 
ggplot of total zooplankton abundance (0 – 1000 counts per 5 Nm)  compared to 
months. Transparency of data points set at 0.01 and showing a smoothed mean 
(red line). Note no data for the month of June.     129 
 
Figure 4.32. A) Visualisation of the SO-CPR Survey data (1991-2008). 
Total zooplankton abundance (counts per 5 Nm) compared to season (R
2
 0.0018). 
B) GAMM output for zooplankton CPR 1991-2008 analyses Total zooplankton 
(ordinate scale (edf)) GAMM season. C) ggplot of total zooplankton abundance (0 
– 1000 counts per 5 Nm)  compared to seasons. Transparency of data points set at 
0.01 and showing a smoothed mean (red line).      130 
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Figure 4.33. A) Visualisation of the SO-CPR Survey data (1991-2008). 
Total larvacean abundance (count per 5 Nm) compared to total zooplankton 
abundance (counts per 5 Nm) (R
2
 0.2499). B) GAMM output for Larvacean CPR 
1991-2008 analyses Total larvacean (Log count per 5 Nm) (ordinate scale (edf)) 
GAMM total Log link zooplankton (Log count per 5Nm). C) ggplot of total 
zooplankton larvaceans abundance (0 – 3500 counts per 5 Nm)  compared to 
larvaceans abundance (0 – 1800 counts per 5 Nm). Transparency of data points set 
at 0.01 and showing a smoothed mean (red line). D) ggplot of total zooplankton 
larvaceans abundance (0 – 200 counts per 5 Nm)  compared to larvaceans 
abundance (0 – 200 counts per 5 Nm). Transparency of data points set at 0.01 and 
showing a smoothed mean (red line).      132 
  
Figure 4.34. A) Visualisation of the SO-CPR Survey data (1991-2008). 
Total larvacean abundance (counts per 5 Nm) compared latitude (° South) (R
2
 
0.007). B) GAMM output for Larvacean CPR 1991-2008 analyses Total larvacean 
(ordinate scale (edf)) GAMM and latitude (° South). C) ggplot of larvaceans 
abundance (0 – 1800 counts per 5 Nm)  compared to latitude (°S). Transparency 
of data points set at 0.1 and showing a smoothed mean (red line). D) ggplot of 
larvaceans abundance (0 – 200 counts per 5 Nm)  compared to latitude (°S). 
Transparency of data points set at 0.05 and showing a smoothed mean (red line).  
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Figure 4.35. A) Visualisation of the SO-CPR Survey data (1991-2008). 
Total larvacean abundance (counts per 5 Nm) compared water temperature (°C) 
(R
2
 0.001). B) GAMM output for Larvacean CPR 1991-2008 analyses Total 
larvacean (ordinate scale (edf)) GAMM water temperature (°C). C) ggplot of 
larvaceans abundance (0 – 200 counts per 5 Nm)  compared to water temperature 
(°C). Transparency of data points set at 0.01 and showing a smoothed mean (red 
line).           137 
 
Figure 4.36. A) Visualisation of the SO-CPR Survey data (1991-2008). Total 
larvacean abundance (counts per 5 Nm) compared to fluorescence (R
2
 0.0018). 
C) ggplot of larvaceans abundance (0 – 200 counts per 5 Nm)  compared to 
fluorescence. Transparency of data points set at 0.01 and showing a smoothed 
mean (red line).         139 
 
Figure 4.37. A) Visualisation of the SO-CPR Survey data (1991-2008). 
Total larvacean abundance (counts per 5 Nm) compared to salinity (psu) (R
2
 
0.005). B) ggplot of larvaceans abundance (0 – 200 counts per 5 Nm)  compared 
to salinity (psu). Transparency of data points set at 0.01 and showing a smoothed 
mean (red line).         140 
 
Figure 4.38. A) Visualisation of the SO-CPR Survey data (1991-2008). 
Total larvacean abundance (counts per 5 Nm) compared to month (R
2
 0.0002). B) 
GAMM output for Larvacean CPR 1991-2008 analyses Total larvacean (ordinate 
scale (edf)) GAMM month from July. ggplot of larvaceans abundance (0 – 200 
counts per 5 Nm)  compared to months. Transparency of data points set at 0.01 
and showing a smoothed mean (red line). Note no data for the month of June. 
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Figure 4.39. A) Visualisation of the SO-CPR Survey data (1991-2008). 
Total larvacean abundance (counts per 5 Nm) compared to season (R
2
 7e-05). B) 
GAMM output for Larvacean CPR 1991-2008 analyses Total larvacean (ordinate 
scale (edf)) GAMM season. C) ggplot of larvaceans abundance (0 – 200 counts 
per 5 Nm)  compared to seasons. Transparency of data points set at 0.01 and 
showing a smoothed mean (red line).       143 
  
Figure 4. 40. ggplot of Oikopleura compared to Fritillaria abundance (0 – 200 
counts per 5 Nm). Transparency of data points set at 0.01 and showing a 
smoothed mean (red line).        144 
 
Figure 4.41. Relative abundances of larvaceans from the SO-CPR Survey 
compared to physical (latitude, longitude, temperature, salinity and irradiance 
(light)) and biological (fluorescence and total zooplankton) parameters.   146 
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Figure 5.1. Schematic of large-scale circulation and water mass boundaries for 
the BROKE-West survey area (60—70ºS, 30—80ºE) in the southwest Indian 
Ocean sector of East Antarctica (modified from Williams et al., (2010)).  155 
 
Figure 5.2. Fritillaria drygalski (Fritilaria spp.) a) Scanning Electron Microscope 
image (scale bar 100 µm) b) stereo dissecting microscope digital image (scale bar 
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Figure 5.3. Oikopleura gaussica (Oikopleura spp.)  a) Scanning Electron 
Microscope image (scale bar 1 mm) b) stereo dissecting microscope digital image 
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Figure 5.4 A. Distribution and abundance (ind. m
-3
) of Fritillaria spp. from ring 
net samples. Filled and varying circle size represent abundance values, empty 
circles zero abundance, X CTD sites not sampled.  Large dashed and small dashed 
lines represent the Southern Boundary and south ACC front respectively, 
following Orsi et al. (1995). Light arrows represent the position of the strong 
westward flowing Antarctic Slope Current and the dark arrows represent the 
respective positions of the eastern Weddell Gyre and the Prydz Bay Gyre 
following Heywood et al. (1999)      163 
 
Figure 5.4 B. Distribution and abundance (ind. m
-3
) of Oikopleura spp. from ring 
net samples. Filled and varying circle size represent abundance values, empty 
circles zero abundance, X CTD sites not sampled.  Large dashed and small dashed 
lines represent the Southern Boundary and south ACC front respectively, 
following Orsi et al. (1995). Light arrows represent the position of the strong 
westward flowing Antarctic Slope Current and the dark arrows represent the 
respective positions of the eastern Weddell Gyre and the Prydz Bay Gyre 
following Heywood et al. (1999)      164 
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Figure 5.4 C. Distribution and abundance (ind. m
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) of total larvaceans from ring 
net samples. Filled and varying circle size represent abundance values, empty 
circles zero abundance, X CTD sites not sampled.  Large dashed and small dashed 
lines represent the Southern Boundary and south ACC front respectively, 
following Orsi et al. (1995). Light arrows represent the position of the strong 
westward flowing Antarctic Slope Current and the dark arrows represent the 
respective positions of the eastern Weddell Gyre and the Prydz Bay Gyre 
following Heywood et al. (1999)      165 
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-3
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of Fritillaria from RMT1 samples.        167 
 
Figure 5.5 B. As in Figure 5.4 B, but for the distribution and abundance (ind. m
-3
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Figure 5.5 C. As in Figure 5.4 C, but for the distribution and abundance (ind. m
-3
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-3
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Aurora Australis. The western transect was the southbound transect deployed in 
January 2006. The eastern transect was the northbound transect deployed in 
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